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PREFACE 


This paper presents the results of a study of the larze scale 
vertical motions in the earth's atmosphere during a continuous sequenco 
of seven days at 12-hour intervals along a specific meridian in a relatively 
donse radiosonde network, The objectives were threefold; first, to compute 
and nlot cross sections of these values of vertical motions; second, to de- 
termine qualitatively the inter-relationship of the three components of tho 
individual change of temperature at a given station; and lastly, to inves- 
tigate tne dynamic asvects of these vertical motions. 

Undertaken as the thesis requirement for the derres of Master of 
Science in Acrolosy, this vaner was prepared at the U. 5. Naval Postrraduate 
School, Monterey, California, during the academic year 19491950. 

the author is particularly indebted to Associate Professor Frank Le 
Martin of the Aerolory Department for his advice and euidance during the 
investigation, and to the author's wife for her assistance in the laborious 


task of plotting and recording datae 
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Snecific heat of dry air at constant pressure 
Acceleration of gravity 

Creemrich civil time 

Position of jet stream center at berinning of interval 
Position of jet stream center at end of interval 
Haillibar 

Pressure at bottom of layer 

Pressure at ton of lever 

Gas constant per grap of dry air 

Tine 

Mean virtual temperature 

Temperature 

Position of troponause at begzinnine of interval 
Position of troponause at end of interval 

Wind velocity vector 

Vertical component of wind velocity 


Vertical velocity of a point that moves alone a 
constant pressure surface 


Density 

Lanse rate of temperature 

Dry adiabatic lanse rate 

Vector del operator 

Horizontal temperature cradient 

Thickness between two vressure surfaces 

Rate of chance of temperature on an individual air particle 


Nate of change of temperature of an individual air particle 
moving on @ constant pressure surface 
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Le DTRODVCTICN 


Durine recent yeers a great amount of work has been done in the 
methods of computation and analytical asnects of the fields of vertical 
motions in the atmosphere. These vertical motions are of the large scele 
type, with values of small magnitude, and are not to be cenfused with the 
extremes found in thunderstorms and heavy cumulus clouds. Panofsky, liller, 
FPleacle and others of New York University [5] » if. a project sponsored by 
the Army Air Forces Weather Service, have published extensive material alone 
weece lines. In [5 ] they analyzed the fields associated with the develone 
ment and dissipation of a cyclone and an anticyclone in the center of the 
United States. This paper attempts to deel with the vertical motions alone 
a specific meridians namely, the 80th meridion, and to attempt to analyze 
the vervical motions associated with the troughs, ridses and cyclones as 
they pass over the meridians 

There are several methods of computing the value of the vertical come 
ponent of velocity at a voint, and the reader is referred to [ «| y [5| and 
[s}. The methods may be broken into two main types, Kinematic and Adiabatic, 
Althourch Kinematic tynes yield instentaneous vertical velocities, they are 
difficult to apply because observed winds must be used, and, as a seneral 
rule, these are not available consistently at hich elevations. Adiabatic 
techniaues yield averace vertical velocities over the period of time used 
in the computation, and can be computed at rerions and elevations where 
wind data is sparse, In [5] the authors have computed the vertical 
velocities for one situation by several different technioues, and have 


concluded that the different methods sive results of the same sien but 
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slishtly varying masnitudes. Since consvant pressure cherts were to 
be used at the various levels, the isobaric technique as siven in 
Chapter II was choscne 

In [2| Fleacle has deduced the three-dimensional fields of vervical 
motions in relation to a selected cyclone and anticyclone. These pressure 
systems were both characterized by flat trourhs and ridges aloft. In this 
study the author has concentrated on the problem of the two-dimensional 
field of vertical motion alone the 80th meridian, west loncitudee The 
synoptic situation selected for the present scudy was also characterized 
at upver levels by flat ridses and troughs, and in the case of the crelones, 
there was also asreoement with rleagle's case study in that a well marked 
frontal system existed at the surface in all cases, It is therefore not 
surprising that all statistical relationships deduced herein bettreen ver- 
tical velocities and other mechanisms of temperature chance are in quali- 
tative agreement with those of rlearle,. 

In addition to the foreroin;, statistical results, the author attempted 
to correlate the fields of vertical motions with the movement of the fronts 
at the 500 mb level and the jet stream axis alone the 80th meridian, paying 
close attention to pressure chensese It was possible to deduce a dynamic 
model of the mean vertical and cross isobar circulations in the vicinity of 


the jet for both northward and southward movins jets. 
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ee ate ven he 
he 2s0narie technique as described px Ponofsky 1° | sed in 
sae computations of vertical velocities, Using the notations as listed 
{ temnerature of a rnovine 


in the table of simbols, the individual chanre of 


air narticle may be written 
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equation (1) may then be written 
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From the first Law of Thermodynamics 


Pultirlication of both sides by dz clves 


Since W a2 is anrroxinately equal to W 22 whitch is equal to ae and 
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Tquation (2) may then be written, 


DW awewyT tw (va-*) = 


ot (3) 


The individual change of temperature of a particle followine a 


constant pressure surface is siven by 


St ot dz 


Subtractinc (3) from (4), one obtains 


Pp 


Caw 
oli _~w (%3-8) +We =. 
= P 32 
st 
According to Panofsky [9] » wis in ma@pnitude 10 tines creater vhan w_, 
therefore the latter may be neglected, gtiving the final equation 
at 
aa st ; 
W > ee (5) 
ba- v 


ine terms on the risht hand side of this equation can then be evaluated 


With the use of data obtained from constans pressure maps end cross sectionse 


Assunines that the contours on the constant pressure mavs are streamlines, and 


that no radical change of flow pattern occurs, the trajectories of an air 


particle arriving at a siven station can be computed. The lapse rate term 


is computed from the cross section datas 
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The use of this formula depends on the assumption of adiakatic 
motion, that is, if any temperature chenge is observed in the trajectory 
of the air particle, it was due to cooling or neating in an adiabatic 
process, for the most part, especially at 500 and 300 mbs, this has not 
been too serious a requirement because: (a) the moist adiabatic lapse 
rate closely approximates the dry adiabatic; (b) solar heating an? cooling 
effects have veen eliminated vrom the observed parcel temperature chanse 
(soe pace 8). Such other non-adiabatic effects as turbulent transport of 
water vapor and longs wave radiation from the earth have Deen assumed small 
and no further corrections were made. Using finite differences as ex~ 
plained in Chanter III., the vertical motions were computed av the 700, 


500 and 300 mb levelss 


(5) 
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The synoptic situation desired Sor this investisasiomw was one in 


waich the polar front was far enourh south so that the jet stream would 
make its appearance somewhere in the northern United states, in the area 
where the radiosonde network was sufficiently dense to obtain consistent 
reports for the analysis, ‘The second reaui-ement was that a series of 
micratory systems would pass over the meridian during the period of the 
investication, These reouirements seemed to be best fulfilled from data 
available, alone the 60th meridian during the interval from 22 January 1949 
so 2] January 1949. Prior to this time the polar front had been steadily 
moving south, end, at the vepfinnine of the neriod, was situated as a 
stationary front just south of Charleston, South Carolinas During the 
period a series or mirratory anticyclones and developing waves on the polar 
front alternately pessed the meridian. 

The first phase of the compilation of the data consisted of the plot= 
tine and analyzing of the 700, 500 and 300 mod charts and vertical cross 
sections alongs 80° We. lonzitude. All charts were analyzed twice daily, at 
standard radiosonde times, 0400 and 1500 GCT. The constant pressure charts 
were analyzed with contours for every two hundred feet, and isotherms for 
every two decrees centirrade, The cross sections were analyzed to obtain 
the location of the frontal surface in the vertical, and to locate the center 
or the jet stream. In analyzing the cross sections the use of mixing ravio, 
isotherms, isentropnes, and observed winds were applied in the conventional 


manner Cor frontal analysise The west wind component was compuved from the 





actual reports of the observing stations and a specially prepared Graph 
(Plate I) for dotermining the geostrophic “rind from the slone of tho 
pressure surface, Since the cross sections we re orienved exactly north 
south, any computation of geostrophic wind between tio stations is auto- 
matically a west wind component providing the elevation of the constant 
yressure surface is decreasinc toward the north, If it is increasing 
toward the north, then the commutation from the granh cives an east trind 
component. 

In computing the trajectories, the assumption was made tulas the con= 
tours were streamlines. Secondly, 1t was assumed that the «rind was yeo= 
strophic. This assumption was quite valid in this case, as, in the entire 
period studied, the flow aloft in the resions wnere the trajectories were 
to be connuted showed very little curvature, tending to make the sradient 
Wind nearly equal to she scostrophic winds =urtnermore, ielburser 7 
has shown that the deviation of the computed sradient wind was as creat as 
the deviation of the geostrophic wind from the observed wind, The trajec- 
tories were taken over a twelve hour period, using a method of second avnprox= 
imetions.e The measured seostrophic wind was projected upwind for a period of 
six hourse At this point the wind was arain measured and vrojected upwind at 
this speed for another six hours. The point was then marked on the previous 
map and projected dowmwind in the same manner. From the downwind trajectory, 
a rosultant trajectory can be computed, which, when applied to the startins 
point, should present the approximate trajectory of the narticle in arriving 


at the siven statione It is felt that this method sives more accuracy in the 


(7) 
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upper levels, where the gradient may chanre considerably over the period 
of the trajectory, than a simole upwind projection of the measured wind 
at the startins point. Ideally the station at which tne vertical velocity 
is desired should be at the midpoint of the trajectory, but along the 80th 
meridian several trajectories would terminate over ocean areas where reason- 
able interpolation of temperature is not possible. 

vith the establishment of the trajectories, the increment of temperature 
chanre is founde Sinco the computation of vertical velocity rested to such a 
ereat oxtent on this valve, the question of diurnal variation of temperature 
following the particle arose» In [5 | Willer et al computed from a larce 
number of reports, the diurnal temperature corrections at times which apvlied 
to this problem. These corrections were as follows: at 700 mb, £.3° Cs at 
bap mp, B.8° Cc: at 300 mb, B1E5° C. The plus sien avplies for any trajectory 
compuved between 0400-1500 GCI, while the negative sign applies for trajec- 
tories terminating at 0400 GCT. These corrections were subtracted from the 
increment of temperature obtained from the trajectories before the vertical 
velocities were computed, 

To determine the existing lapse rate © in [5 | » the arithmetic mean 
or the lapse rate at the berinnins and end of the time interval was usede 
The observed temperature at the mandatory radiosonde level above and below 
that for which the computation is being made was divided by the distance be- 
tween the trro levels as prescribed by the U. S. Standard Atmosnhere. With 
the evaluation of the lapse rate term, the values of vertical motion can be 
computed. During the computations of the trajectories, it was observed that 


in regions north of loosonee (836) and south of Charleston (208), the end 


(8) 





point of trajectories usually were in areas where reasonable interpolation 
was impossible. Accordingly, the investigation was limited to the follow- 
ing six stations: Charleston (208), Greensboro (317), Pittsburch (520), 
Buffalo (528), Sault St. Marie (734) and Moosonee (836). It is repeated 
here for emphasis, that since a twelve hour trajectory was used in come 
puting the temperature difference of the particle of air, the vertical 
motions represent an average over this period, Any extremes of rising or 
fallins motion that have occurred in the period tend to be damped out, and 
the resultant average vertical velocities usually fall in the rancse of 0 to 
£5 cm sect, 

With the assumption that the term W, is negligible, the individual 
chance of temperature of a particle followine a constant pressure surface 


can be written 


ST __ at 
WeVal = CE St (6) 


where or represents the local chanse of temperature observed at the station, 
and WUT represents the component due to horizontal advection. The valne of 
at is easily obtained from the constant vressure charts, while the value of 
BT is the temperature chanre, with non-adiabatic effects eliminated, and was 
computed from the trajectories. The value thus obtained from (6) renresents 
the advective component, Since the inter-dependence of the variates in 


equation (3) were not clearly visible, it was decided to correlate combi- 


navions of these variates in an effort to determine the sign, magnitude, and 


(9) 
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variability of the relationshin with height. The use of correlations in 
this study was rather to determine the relationship between variables than 
to trz to formulate any resression ecuation for forecast usese Accordingly, 
the variables were correlated at each of the three levels for which conru- 
tations were made, and the results of these correlations were used ina 
qualitative manner in the analysis of the fields of vertical motions. 

The frontal structure, jet stream center, and computed vertical 
motions were transferred to fresh charts of the same scale. The movement 
of the jet centers was well marked in the horizontal plane, but due to lack 
of reports at hish levels, the vertical movement of the jet is subject to 
considerable question, hence no attempt will be made to exnlain the latter. 


*Tsanabats of vertical velocity were dravm and the data prepared ror analvsise 


* Lines of equal vertical velocity. 


(10) 





TV. RUSULTS AND CONCLUSIONS 


The computations of vertical velocities were carried out for 22 
cases, approximately 75 cases for each level. Certain observations were 
ruled out when the initial point of the trajectory fell in regions where 
reasonable extrapolation of temperature could not be made due to lack of 
reports.» 

For determininz the inter-relationship of the variates, equation (3) 
of Chapter I was chosen. All terms of this equation had been evaluated ace 
cordins to methods described in Chapter II, therefore, applying certain as-~ 
sumptions to equation (3) it is possible to obtain qualitative results of 
the variates, Using vector notation a positive value of WUT >Oropresents 
cold advection. Since the term &4-x) is always positive, the sign of the 
enuLre term W(%-v) is determined by the sign of w. Upward vertical motions 
were chosen as positive, and downward motions as negative. The results of the 
correlations are listed in Table ls 

Set Ae Vertical Motions and Advection., If in (3) we assume that there 
is a level where the local change of temperature is small, then the advective 
torm and the vertical motions term should be approximately equal and opposite 
in sien for (3) to be valid. If local change were assumed exactly zero, and 
advection and vertical motions exactly balanced each other, the correlation 
coetficient would be -1.0. from this we may conclude that in the revion 
where the masnitude of the correlation coefficient is sreatest, the assump- 


tion is most nearly valid. 


(11) 
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(A) (B) 
r \V - Sica ar oN MT 
w(%Q ) >) W st 
300 mb = 268 43 
500 mo =050 sop 
JOO mb ~—4l = 650 
(C) (D) 
or ee WwW 
w(ta-¥) > Se St 
300 mb =228 ~w 5) 
500 mb m9 32 =m~e2l 
700 mb = 244 ed) 
(E) 
ee yw 
ot 
300 mb 209 
500 mb ~~l2 
700 mb ~~o4] 
TABLE 1, 
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Actual results show negative correlation coefficients increasing in 
racnitude and with neight. The nesative coefficients show that cold 
advection is accompanied by downward motions, From the marnitude of the 
coefficients, it can also be said that this compensation is rroatest at 
high levels. This is in stood arreement with Fleazle's results (2] ° 
Set Be Local Change of Temperature and Advectione. From (3) if one as- 
sumnes tne vertical motion term is small, then advection and local change 


of temnerature should be opnosite in sien. The nerative correlation 
oT 
Pall 
ot 


that cold advection is accompanied by local coolins. In internretine the 


coefficients indicate that for WVylD>o, <0. ‘This states as exnectod, 
magnitude of the correlation coefficients as explained above, we may say 
that the assumptions of small vertical motions is most nearly met in the 
lower troposphere, and that vertical motions increase with heicht. This 
also implies shat advection is predominant in the lower tronosnhere and 
decréases with neisht, which is afain in sood asreement with Fleaclets ’. 
résuilts . [2] ° 

Set Ce. Local Chanze of Temnerature and Vertical lotions. from (3), if one 
assumes that advection is small, then the vertical motion torm and local 
cnanee of temperature term should be opposite in sien and approximately 
equalw The negative correlation coefficients verify the epposing sien 


re@uiremenc, indicacine that wich local warning » vnere are 


at »O . th 
ot , 
dovamvard motions w (%-¥) < O. from the change of macnitude of the cor- 
reletion coefficients with heicht, it is indicated that the assumption of 
advection being small is best met in tho lower troposphere, and that ac- 
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Voction incr2as€6 with heighte This also implies that vertical motions 
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are more predominant at lower then at bignor levels, ‘These qualivative 

results aro onnosed to those obtained fren Set Bs It is to be noted that 

the macnitude of the coefficients in Set C. are in all cases snaller than 

either Sets Ae or Bs, indicating less reliability throush possible scate- 

tering of data, 

Set D. Local Change of Potential Terfherature and Vertical Notionse The 

72 

valves of 54 were computed from values of temperature at the berinnin 

and end of the interval, Since these in turn were computed directly fron the 

local values of temperature chanse, it would apnrear that since vertical motions 
: 29 , | : Se 

are beinc correlated wit at? the level wnere the correlaticn coefficient 

is greatest indicates tne recion where vertical motions are predoninent. The 

newavive coeificients obtained indicate, as expected, that local increase of 

notential temnerature ( ri >O), is associated with dowmverd motions. The 

macnitudes of the coefficients seem to indicate acreement with in results 

obvained in Set B; namely, that vertical motions assume creater rrominence 

than advection in the region of 400 mbes 

eeu se wvuriace Twelve cour Pressure Tendency and Vertical Totions.e In the 

lower levels “tne sim of the coefficients indicate that increasing pressure 

is accompanied ov dovwmiard motions in tne lower troposphere. The reversal 

Ox the sicn of the coefficient with height indicates that at sore upper 

level risin® surface pressure is correlated with unward motions. “The mas~ 

nitude of the coefficients above 7OO mh ore small; the definite dJecroese, 


however, indicates the classical vertical motion model dravm above cvclones 


and anvticyclonese 


(14) 
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The twelve hcur surface tendencicos were rlotted at the ton of tho 
isanabatic charts. (See Plates II, IV, and VI). In reneral the resnlts 
were cratifying. The regions of rreatest surface pressure tendencies were 
usually located over the resions of stroncest vertical motions, ‘The cor- 
rospondence was most pronounced where the vertical motions extended to 
300 mb without a chante of sicn, Plate IV shows @ maximum negative ten- 
dency over Creensboro and unward motions at all levels, The maximum 
positive tendency occurs at Sault St. /Iarie, just north of the field of 
downward motionse Plate VI shows practically a one-to~cne correspondence 
between the locations oF the maximun ascendinm and descending currents and 
those of the corresponding surface pressure tendency centers. Here all 
vertical motions extend to 300 mb without a chance of sifns 

Durine the period investirated, one cyclonic center of moderate in~ 
tensity developed in the lower lississinni Valley. This system moved on a 
northeasterly course toward Pittsburche The effect of the movement of this 
systom on the level of non-diversence in the Pittsburgh area wos interesting 
to note. From the tendency equation, in a manner shown by Palmen [23] g Lies 
can be shown that the level of non«diverrence is approximately at the level 
of maximum ascending or descendins motion, providing that the local change of 
pressure is zeroe Since the latter statement is approximately true, (Fleasle 
Le], the mass transport through the level in question mst be equal to the 
diverrence occurring above that level. In the instance mentioned above, the 
level of non-diverrsence fell from about 400 mb to approximately 650 mb in an 


interval of twelve hours, followed by a rapid deepening in the Pittsburch 
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area in the next tvelve hovrs. From the enclosed Plates, it can also be 
seen that there are possibly two levels of non=diverrence, oro in stratos~ 
pheric levels and the one normally referred to at mid=tropospheric levels. 
Concerning the statistical work in general, it may be said that the 
results are in good acreenent with those of Fleacle, Miller and otherse 
Hence, it seems plausible that further relationships, as derived by Fleacle 
in regions not investigated in this paper, will be applicable in this 
Situatione 
The initial problem in the analysis of the fields of vertical motion 
was to devermine a criterion, in the light of already established results, 
that she vertical motions might be expected to follow. ‘lamias [<6] Staves 
vhat the steep slove or breax of the tropopause surface diroctly above the 
jet stream is one factor that must be explained in any plausible complete 
thecry of this phenomena. In the studies of Palmen [| [20] faa| y andiin 
the cross sections used in this study, it was noted that the tropopause was 
at & Minimim heicht just north of tne jet stream, and that just noren of that 
minimum, its heicht increased slishtly. South of the jet stream the trononause 
anpeared at its hichest level. Busine the thermal wind equation as svosesved 
by ilamias [| 3 it can be proved that in reneral, the most strongly slonings 
portion of the tronoranse surface must pass through the axis of the jet strean, - 
for, at this point the rate of chanre of the seostrophic wind with height is 
zero, hence the horizontal thermal cradient and vertical lapse rate both be- 
come very small or zero, indicatine the location in the vertical of the tro 


popause regione Assuming no discontinuity in the tropopause, it can then be 


(16) 
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drawn as illustrated in Pipvres 1 and 2. WVonseauently if the center of 
the jet moves to the south, then the troporause must move to the dashed 
line positions in Firures 1 end ee Sven if one considers the vossibility 
of a discontinuity in the tropopause just south of the jet, then there must 
be some mechanism to create a lower trovopanse then the jet is movins south, 
and one to destroy it when the jet is moving northe 
As has been stated before, the synoptic situation was one in which there 
mere no marked pressure systems, but rather e polar front with a séries of 
waves passing the meridians, Consecuently, the conventional notation of a 
cold front or warm front as the movement of tne frontal surface on the sur- 
face of the earth was equally indistinct and did not indicate any corres- 
pondence with the movement of the jet stream center, Palmen [21| svates 
Often it is not nossible to conrect minor disturbances at the surface 
with the band of stronz isotherm concentration at 500 mb, but larre 


scale displacement of surface fronts can usually be related to similar 
displacements aloft, 


He further states that empirical data noint to tne fact that the jet 
surean is located directly over the layer of maximum temperature sradicnt 
at 500 mbe As an aid in locating this regsion of meximim temperature rcrad- 
lent, the following method was usede From the integrated forn of the hydro= 
static ecuation, the thickness of the layer between the constant pressure 


surfaces P ana le is siven by 


Nz = Rg > (be Ly = KT 
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or the rate of change of thic:imess of a snecific layer in a spnecific 
time interval is directly proportional to the rate of chnonve of mean 
virtual temperature in the same interval. fImterins thess valucs on the 
cross section made it quite simple to pick the band of stronsest tempera-= 
ture sradient in the layer between 500 and 700 mb. This criterion made it 
possible to verify Palmen's relationshinv between the jct stream and the 
polar front at 500 mb, in that, with the maximum gradient of temperature 
in the layer shifting to the south, the jet stream also shifted to the 
souths 

Since the tropopause is the point in the atmosphere where the lapse 
rate becomes small and approaches isothermal conditions,* it is reasonable 
to believe that vertical motions and their associated adiabatic heating 
and cooling might supply the reason for the lowering and raisinz, creation 
or dostruction of the tropopause in the situations mentioned above. Using 
this as a basis, two tentative vertical motion models can be drawn, Tig-= 
ures 1 and 2e These models are essentially similar to those proposed by 
Palnen [22] e in Figure 1, for example, the point C, which represents 
the noint of intersection of the two consecutive tropopause surfaces, 
(12 hours apart), must represent the point of zero mean vertical velocity. 
It is to be noted that the vertical motions showm in Firvres 1 and 2 repre=- 
sent mean vertical motions for a l2=hour period ending with the riven time, 
and therefore account for a movement of the jet from J; to Jp» The meaning 
of the circulation axes AA and BB is discussed on pages 24 and 256 

The vertical circulation models of Fisures 1 and 2 below tho 400 mb 


level can in sreneral be identified with rising or Tallinre surface pressures. 
* Accordins to Penniorf and Flohn [23 | » Stee 
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This follows from the correlations of Table 1 and is verified by 
Fleacle | 2| » Dp» 163-184, who states 

Upward motions oceurred in regions of pressure fall and dovmiard 

motions oecurred in regions of pressure rise, and the mertical 

components were anvroximately proportional to the pressure chances. 
This tendency has already been noted earlier on nage 15. 

The next step is to verify the fields of vertical motions of Firures 
lL and 2 above 300 mb. Althourh vertical motions were not computed above 
300 mb in this study, the results of FPlearle's study [2| were dravm upon, 
and, in addition, strons consideration vas siven to tne 300 mb heicht ten- 
dency during the previous trelve hours. It was quite easy to distinguish 
en all cross sections the areas of maximum twelve hourly rise and fall of 
the 300 mb surface. Since this surface is quite close to tne stratospheric 
levels considered by Fleactle, it is assumed tnat a larzse contribution of the 
twelve-hourly heicht change at 300 mb is due to the layer between 9 and 16 
kilometers, (300 to 100 rb). Fleanle also noted that this larer contained 
the maximum temperature advection for the atmosvhere, at least to the levels 
considered, and that temperature advection also tends to be systematically 
compensated by vertical motions at these levelse In tne linht of the Tfore- 
coing, it was assumed tnat the rerion of maximum heisht chanze at 300 mb 
indicates tne location of maximum advection above 500 mb, which in turn, 


t of the mean vertical notions. 


indicates the maximim values or "chimneys' 
Thus @ rerion or maximum nositive heicht tendency is experiencing stronz 


cold advection and commensatine dovmvrard motions, with an analogous state= 


ment cor necsative tendencies, 


fen) 





It has been noted in tne previous parasraph how the maximum keirht 
tendencies at 400 mb determine the vertical motion fields above this 
level, and in particular, tne areas of maximum ascent and descent. ‘Vhis 
mechanism will now be correlated more closely with the models of Virures 


a ears 
Jt 


land 2. The final results of the analysis of the cross sections in the 
period studied snowed that, accordinre to the convention of thermal craflient 
discussed above, there were six instances of the northward moving jet, three 
or the southward movins jet, and three of the stationary jet. Plates II,.IV, 
and VI illustrate the vertical motion field, frontal structure and tho jet 
scream tor a typical situation of each of the above tynes. Plates III, V, 
and VII are correspondins charts of streamlines dravm from the vlotted ani 
estimated vertical motion fields. On the isanabatic charts, the numbers 
appearins at the sicnificant levels 700, 500, and 300 mb represent the heignt 
tendency of the surface during the previous twelve hourse the numbers an- 
pearinz midway between the significant levels aro those of thiclmess ten- 
dency between the two levels durins the past twelve hours. 

Plates II and III are typical illustrations of a northward novine jet 
stream. At low levels the frontal surface had procressed southward, but at 
the 700-500 mb layer the maximum tnermal cradient nad shifted nolewarde 
Bis indicated a sradual reduction of the slome of the frontal surface in 
@ manner described by Crocker et al [3] in the article on frontal contour 
charts. In all cross sections of this catecory, there occurred either (i), 
@ combination of maximum rises north, maximum falis south of the initial no- 


sition of the jet, or (ii), the same relative sradient of heircht tendency at the 


(22) 


at 


” 


oe 





300 rib level as indicated in (1). It anpears that the southward 
directed tendency eradient has the effoct cf wiping out the jet act 
the lower latitude position and thus snirting it northward. <“lowever, 

it was difficult to reconcile the cbserved amount of jas moveicnt on the 
cross section with the observed height tendencies at 590 mb. 

Ylates IV and V are typical examples of a sowthiwar] moving jet. ‘This 
syne of jet occurred with 5300 nb height tendency Tells to the north of tne 
jet and rises to the south, in such a manner that the horizontal pressure 
fradient was increased southward relative to the initial position of the 
TE tm 

Plates VI and VII are illustrations of the situation in which the 


"stetionary". The north~ 


movement of the jet was small enouch to be termed 
south distribution of heisht tendencies at 400 mb was analyzed as before. 
The notable feature in these tynes was that the vertical movion fields 
usually persisted to hich levels without a chanre of simme The stationary 
types observed had the vertical circulations of the southward moving type, 
indicating the possibility that, althoush the movement of the jet was not 
large enough to definitely show up in the analwsis, it corrésnonded anvar- 
ently to the sovuthvard movine tyme in this instancee 

. 


Thus, in Fiswores 1 and 2 the areas of maximinm rises and 7alls have 


been indicaved in cheir proner position relative vo the fet. Introducing 
next tne appronriate unner level vertical circulations which these certers 


of rising and fallins tendencies implv, it is seen that the vertical moticns 


are also consistent with the observed troponause movements. The vertical 
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n 


circulativn rodels prescnted in Figures 1 and 2 tnereforo fi% all of tlle 
observed data of this and Fleacle's study and may be caizen to renresent 
a tentative vertical circulation pattern in relation to cold and warm 
fronts at the 500 mb levels further study will be necessary before any 
conclusive verification of Fisures 1 and 2 may be said to have been 


> 


acnieveds. 


It should be emphasized that this study dealt only with cases in 
Which there were no closed circulations at upper levels in the regien 
studiede The frontal structures, however, were quite well markede There 
remains the question of oxplainins the occurrence of dynamic instability 
with the attendant cut-off lows and hichs which result when instability 
occursSe Palmen [22| has studied a case of dynamic cyclocenesis and 
attrilutes the development of a closed vortex ahovo 4300 mb essentially 
to the fact that tne upper level axis 4A of Figure 1]. has become collinear 
Wath the lower level circulation axis BB. Similarily in Figure 2, dynamic 
anticyclorenesis would occur when the vertical circulation axis AA, typical 
of risine pressure at upner levels, becomes collinear with the axis RB, 
typical of risine pressure in the lower tropospheric levels, Such a case 
had been discussed by Wexler [23] : 

The answer vo the quesvion of dynamic instability probably lies in 
the fact that such cases usually occur when surface frontal characteris- 
tics are weak or non-existent, and the amount of advection at all levels 


becomes auite small. In the latter case, it therefore seems likely that 


the vertical motions could be roverned mainly by the three=dimensional 
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on 





diver-ence or convergence above 5300 mb. Jith slight advection it seems 
that the amount of divergence aloft in the vicinity of axis Ai of Pigvre 1 
could increase, causing an increased downwerd circulation and warming, at 
300 mb. This would ceuse a lowerine tropopause and ultimately a closed 


y 


low at 300 mbe The diminishing pressure under AA then causes the lower 
atmospheric circulation pattern BB to shift under AAs 

As in any statistical investigation in which a small number of cases 
is used, care mist be taken before forrmlatines final conclusions, The 
ceneral acreoment between casos, however, was quite well-marked, indi-~ 
catine that further study along the same lines is warranted, Investi- 


sations using one of the other techniques for computins vertical motions 


ac listed@in | 4] [s| [0 would be an excellent criterion for comparisone 





Ce 


D0 


46 


ae 


be 


de 


Ce 


90 


QR) TOGRAFNY 


»e 


Crocier, Awl, ¥. Le Godson, and C. Ms Penner. 
Frontal Contour Charts. Journal of eteore, 4: 95-99,June 1947. 


Tleacle, Robert Ge The Fields of Temperature, iressure end Three 
Dimensional Liotion in Selected iieather Situations. Journal of 
Meteors 4:165-105, December 1947. 


oz: Diverfence and AuWecticn 


Fleacle, Robert Ge A Study of the Difects 
3:9-13, March 1946. 


e 
on Lanse Rave. Journal of Weteors 35:9- 


Miller, James. Applications of Vertical Velocities to Objective Weather 
Forecastincte Jepartment of Meteoroloryv, Hew Yor University, 
(“imeorranhed) 1946.4 


Miller, James &, A Stud: of Wertical’Hotior in the AtmosnBbtre. 
Devarsnent of \eteorolory, Jew Yor’: University. (lmeorrayked) 1946. 


Neamias, J, and Pe Se Clapp. Confluence Theorry of the High Tropospheric 
Jet Stream. Journal of Meteore 6:350-336, Octoler 1949. 


Neiburger, Ve, Ine Sherman, i. W. helloce, and As Fe Custarsone 
On the Computation oi Vind from Pressure Data, Journal of lieteors 
5:07=92, June 1948, 


Panofsky, if, Ae “ethods of Com™ting Vertical llotions in the 
Atmospheres Journal of Meteors 3:45=49, June 1546. 


Palnen, Be, and We. 3. Vaciere Arn fnalysis of the Wind and Temberature 
Distribusion in the "ree Atmosphere over North fmerica in the Cas 
of Anoroximately Westerly Flow. Journal of Meteors 5:50=64,April 194%. 


Palmen, Bs, and Kk. M@. Nagler. fm Analysis of the Wind in the Gener 
yesveriies. Journal of leteors 5:20-2], February 19466 


Palmen, Bs, and Ina Me Macler. The Formation and Qtructyre of a Large 
Scale Uisturbance in the Westerlies. Journal of Neteor. 
6:227-242, Auoust 19496 


Palmen, Se Orisin and Structure of Bieh-level Cyclones South of the 
Waximam Westerlies, Telluse 1:22=31, February 1949. 


Penndomt, Re, aed wyWlohn, The hie Cication of the Atmospheres 
Milvetin of the hate Met. Societys. 31:71-70, March 1950. 


Wexler, tis Some Aspects of Dynanic Anticycloceneses. University 
Chicaco Inst. ieteore, lisce Reps C, 1943. 


(26 ) 


7? 


a 


2 


-? 


7 


7 


ed 








Uuw i=, Ap eee ee 
it 2 ulgeche» 7 











8) 
i 
e® &*©*@e@#@faeeeaesd 


es, 
= 


- « e+? @ eo ¢ e® « oe = 
_— 
* 









=a 


= ; . a 
“es ’ 7 
- on 
oo a oa + 
a - - — =. . ; 
' >. Were , Sav abo 
7 ; if - a. a 
—— — 
i re 7 _ Pa " 
a, aie 








qnt Tewd ency 


ee | 
7 1 z aL Clow e 2S Tandenc 
7 | 


LEGEM 


» 


t coco 


a 60 


oom 






























os = 





au 
t 
/ || 
| 
| 
seo 
\ 
\ 
| 
_—— 














| as | 
—> .s ° 
: ies | 
® | | 6 ‘ an 
—— + i : oo ) 
- o 4 , Ae | 
NE | =e ‘o 2 
Ves 866s x 
: _ = 
— ll NL ke | 
—.. 











_ S| ago 
| | | | | a“ | 
: | — _ : | 3-2 aa 
er ; | : -- r 
| | | | Ps | Eg ee | * 
| | } i ~-_ 
| | : a 
: . 
of ~ “ 25 | iene tence ! ) f-- 8 - po 
) re 
: | | + ee 
| | ¥ 
: hb 
* 
7 | | | f . 
: f . 
‘7 me, 
ae lg ee \ _ 
| | iw, 3 


ee ee 


en ee — i eneeatienaeeiinmiannantaamdmenanennttnttttia aetna ol 





— i _ 











in 
| 






! et st» 
| » , 

e S ’ ‘ 

| ee 
ry : i . \ t| 
' l s } « 

V : we, oi 
| 4 | 
' \ «@, 
| ry 
5 
a 


-_- / 
‘ 
iF) TT. 
wr 


‘ he id ‘fs ‘ me . ¥ 2 Sis 
we . 5 








HEIGHT (Fe eT ) S 2 ? Fs 
ejint-tltii i: i= See 
i ‘ 7 i |. ae == , 5 LYELL a 


imme, {ee 
ime is 


a4: 
Gaeta 




















































































ae ge fe 
et} KY ZEAE 
MZ We eoeececst eae 
We. ZB ee 
5 Wis Ay, AK “anne ae Ht BER 
2 i ih ME ce 

in 627.640 4n07 00000 


NON 


\ 





| 
| | | 


te i 
« 


d 
© 
é 
he it | 


a 


YiV~ |’. 
ag 
/ | i 
Why a 











+f 


mr 
Q 
3 
K 
~ 
K 


S 
ig 


20 | 





UNI 


255 





| 
02 
“-'~ DUDLEY KNOX LIBRARY 


